Noise-induced hearing loss is a significant social and public health problem, which is found in increasing numbers of adolescents. Young people are particularly likely to expose themselves to potentially damaging loud sounds during leisure activities. Visiting discotheques is one of the most popular leisure activities of young people. Only a few minutes exposure to the sound levels played in discotheques can cause permanent hearing loss. Since little is known about what constitutes effective prevention strategies, we explored the opinions and ideas of 30 experts in a qualitative study consisting of a three-round web-based Delphi study. The main parties involved in the prevention of music-induced hearing loss due to discotheque attendance are as follows: the adolescents themselves, followed by the government, discotheque owners, decorators of discotheques and disk jockeys (DJs). None of the identified protective behaviors of adolescents was considered to be feasible. Five environmental interventions were identified as being both relevant and feasible; of these, the most important were that loudspeakers must be placed further away from the visitors and that discotheques have attractive, low-volume and clearly indicated 'chill-out rooms'. Effective prevention strategies to avoid music-induced hearing loss among adolescents due to discotheque attendance need to be taken primarily by discotheque owners and disk jockeys.
Introduction
Noise-induced hearing loss is a significant social and public health problem which is diagnosed in increasing numbers of adolescents [1] [2] [3] [4] [5] . Young people are particularly likely to expose themselves to potentially damaging loud sounds during leisure activities [6] . Visiting discotheques is one of the most popular leisure activities of young people in Western countries such as The Netherlands and Germany [7] . Even though music levels of >90 dB are generally assumed to endanger hearing, the mean sound level in a discotheque ranges from 104 to 112 dB [8] . At these levels, only a few minutes of exposure can cause permanent hearing loss, especially when standing close to a loudspeaker [9] .
To prevent such music-induced hearing loss, adolescents should either take precautionary measures themselves or environmental/health protection measures (such as introducing legal sound limits) [10, 11] should be implemented. Either way, since little is known about what constitutes effective prevention strategies [12] , useful input on potential prevention strategies and interventions could be provided by exploring the opinions and ideas of experts.
We report the findings of a three-round Delphi consultation [13, 14] that sought to identify the following: parties involved in the prevention of music-induced hearing loss among adolescents related to exposure to high-volume music during discotheque attendance, potential hearing conservation behaviors of adolescents, potential intervention means aimed at behavior change among adolescents and potential health protection measures aimed at preventing hearing loss among adolescents.
Methods
The first round of the Delphi study was used to generate a list of ideas regarding factors relevant for effective prevention strategies. This list was used to inform the subsequent Delphi rounds. An electronic questionnaire, consisting of four open-ended questions (Box 1), was sent by e-mail to 14 authors of scientific papers on music-induced hearing loss among adolescents. All these authors were corresponding author identified during the search for a literature overview [12] for whom a working e-mail address was found. Seven experts (50% response rate) completed the first-round questionnaire.
Responses were analyzed, complemented by findings of a literature overview [12] and focus group discussions [15] , and used to construct the second round of the Delphi study, i.e. a structured, web-based questionnaire.
Experts in the second round represented Dutch experts and stakeholders in both research and practice related to the topic of interest. The sample consisted of experts from various fields including scientific research, medical practice, community health professions, education, youth work, music entertainment and law enforcement authorities. These experts were identified through their professional associations. In total, 59 experts were invited to participate via an e-mail letter, including a link to the web-based questionnaire. If required, up to five e-mail reminders were sent to each expert.
In total, 30 respondents (51% response rate) completed the second-round and third-round questionnaires, including two respondents from the first round. The experts included four representatives from scientific research, six from medical practice (audiology, pediatrics and ear nose throat), two from community health professions, eight from education (deans and teachers), one from youth work, seven from music venues and two from law enforcement authorities; 20 were males and 10 were females.
Except for the items related to parties involved in the prevention of music-induced hearing loss, each expert was asked to rate each item two times, once for relevance (How relevant is the content of this item to the prevention of hearing loss among adolescents?) and once for feasibility (To what extent do you think the content of this item is feasible to be implemented?) on a seven-point Likert scale (1 = absolutely not and 7 = absolutely). The items related to the parties involved in the prevention of musicinduced hearing loss were rated for relevance only.
For each response, a median and an interquartile deviation (IQD) were calculated [13, 16] .
The median represents the 50th percentile value of opinions and was used to determine the relevance and feasibility for each item. The IQD represents the distance between the 25th percentile and the 75th percentile values in opinions and was used to determine the degree of consensus on each item, with a smaller IQD indicating larger consensus. Items that scored a median of >6.0 on relevance or feasibility were considered relevant or feasible; items with an IQD <1.5 were considered to have achieved consensus. Items that scored a median of <6.0 on either relevance or feasibility or both were deemed not relevant or feasible and were not resubmitted in the third round. Items that scored a median of >6.0 and an IQD <1.5 were Who are the parties involved in the prevention of music-induced hearing loss among adolescents due to discotheque attendance? 2
What protective behaviors can adolescents apply to prevent hearing loss due to discotheque attendance? 3
What interventions aimed at adolescents can motivate them to change from risky behavior to protective behavior? 4 What interventions aimed at the environment can protect adolescents from hearing loss due to discotheque attendance?
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deemed relevant or feasible and to have gained consensus and were not included in the third round.
In the third round, the same panel of experts as in Round 2 were presented with a web-based questionnaire containing the items that scored high on relevance or feasibility or both (median of >6.0), but on which there was no consensus (IQD > 1.5), and were given the opportunity to re-rank their agreement in view of the group's response (for each item the median and IQD of Round 2 were provided) using the same scale [13, 16, 17] . Figure 1 shows the flow of the Delphi process.
Results
The first-round results, complemented by findings of a literature overview [12] and focus group discussions [15] , resulted in a list of eight parties that are potentially involved in the prevention of hearing loss among adolescents due to discotheque attendance; 11 items on potential hearing conservation behaviors among adolescents; 4 items on potential interventions aimed at behavior change among adolescents and 22 items concerning health protection measures.
Of the eight potential responsible parties, seven (87.5%; two without consensus) were rated as having some responsibility in the prevention of musicinduced hearing loss among adolescents due to discotheque attendance (Table I) .
Of the 11 items on adolescents' hearing conservation behaviors in the context of discotheque attendance, seven (63.6%; all with consensus) were rated relevant and none was rated feasible (Table II) .
Of the three items on interventions to be aimed at behavior change among adolescents, none was rated relevant or feasible (Table III) .
Of the 22 items concerning health protection measures, 13 (59.1%; one without consensus) were rated relevant and five (22.7%; all with consensus) were rated feasible (Table IV) .
Five health protection measures were rated both relevant and feasible (with consensus): 'Loud speakers are placed further away from the visitors (at least 2 meters)', 'Discotheques have attractive chill-out rooms', 'DJs, musicians and discotheque owners are informed to take protective measures', 'Discotheques have zones with low-volume music, such as chill-out rooms' and 'Chill-out rooms are clearly indicated so that adolescents know that they are available' (Table IV) .
Discussion
According to the experts in this Delphi study, the most relevant party to prevent music-induced Prevention of hearing loss due to discotheque music hearing loss in adolescents due to discotheque attendance are the adolescents themselves, followed by the government, discotheque owners, decorators of discotheques and DJs. Although several relevant adolescents' protective behaviors were identified that limit the volume, duration or frequency of exposure to high-volume music in discotheques, the experts considered none of these behaviors to be feasible. However, the experts in this study rated five environmental interventions as being both relevant and feasible, of which the most important were that loudspeakers have to be placed further away from the visitors and that discotheques have attractive and clearly indicated chill-out rooms.
Methodological considerations
The three main features of a Delphi study are protection of inter-participant anonymity, controlled feedback and the iterative process [16, 17] . The use of the Delphi technique allowed experts to express their views anonymously. In this way, consensus could be sought without prejudice and interpersonal relationships introducing bias. Participants were also able to change their minds once they had seen the spread of opinion from the rest of the group. Nonetheless, the Delphi process does have some limitations. There is a potential for bias in the selection of participants [13] . To avoid this, we selected our panelists to represent a broad and large number of viewpoints. However, the fact that the participants were allowed to change their opinion based on the spread of the opinion of the rest of the group, may have defeated the purpose of selecting panelists to represent a broad and large number of viewpoints. It should be considered as a limitation of the study that while the first-round participants were from different countries, those from the second and third rounds were all from the Netherlands. Caution should be used when generalizing these finding to other cultures or countries [18, 19] .
The experts generally were of the opinion that it is not feasible that adolescents in general will perform protective behaviors to prevent music-induced hearing loss, which is confirmed by previous research [20, 21] . Instead, they rated some relevant environmental interventions as being feasible to reduce adolescents' exposure to high-volume music in discotheques. For example concerning the aim, 'adolescents do not stand too close too the loudspeakers', as measured by the related items 'loud speakers are placed further away from the visitors (2 meters away)' and 'adolescents do not stand too close to the loudspeakers (at least 2 meters away)', the experts considered it more feasible to place the loudspeakers further away from adolescents (by the discotheque exploiter), but they did not consider it likely that the adolescents will perform this behavior themselves.
To prevent adolescents from being exposed to such music in a discotheque, DJs, musicians and discotheque owners should be informed that protective measures are needed, such as placing loud speakers further away (at least 2 m) from the visitors and providing low-volume chill-out rooms/ zones. Such environmental interventions will protect adolescents from being too close to loudspeakers and enable them to take a break without leaving the premises. In taking such measures, it is Table I . Parties involved in the prevention of music-induced hearing loss among adolescents due to discotheque attendance I. Vogel et al.
assumed that the music volume levels will not be increased to compensate for the increased distance between the loudspeakers and the listeners.
Remarkably, legislation to enforce sound level limitations and other environmental measures was not rated feasible by most experts. While the experts Prevention of hearing loss due to discotheque music I. Vogel et al.
considered the availability of chill-out rooms both relevant and important, that does not necessarily mean that it will be an effective measurement. It is our expectation that the availability of chill-out rooms will only partially result in an adequate reduction of the total music exposure at the group level. Moreover, it is doubtful whether the costly adaptations needed to prevent visitors from incurring hearing loss (e.g. through advanced speaker systems, improved acoustics and chill-out rooms) will be made on a voluntarily basis. Therefore, we recommend investigation of how enforcement of such measures can be realized by means of regulations or in law. This should particularly focus on enforcement of sound level limitations, which are already widely recommended [6, 10, 11, [21] [22] [23] [24] [25] [26] [27] . For example, if DJs have to pay heavy fines for playing loud music, managing the music levels may become a priority. Effective prevention strategies to avoid musicinduced hearing loss among adolescents due to discotheque attendance need to be taken primarily by discotheque owners and DJs. Previous research has found an association between music exposure and temporary and permanent auditory dysfunction among professional DJs [28] . This confirms the necessity of convincing the decision makers with a financial stake in discotheques to actually take such measures. It would be a challenge to persuade DJs into supporting such measures. If effective behavior-changing interventions are to be developed, we recommend that study be devoted to the psychosocial determinants underlying different musicplaying and listening habits, for example by using theoretical frameworks such as the Health Belief Model or the Protection Motivation Theory [29] .
The experts in our study have identified several measures that may be effective in preventing musicinduced hearing loss due to discotheque attendance. This provides a starting point for further research and implementation.
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